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The recent years have seen a considerable increase in the speed of actions performed by handball players. Matches are played faster, and technical and tactical elements are performed more dynamically and within a shorter time. Players need both to react to and to anticipate their opponents' play faster. To do so, the players are forced to achieve faster reaction times to various stimuli.
Reaction time is composed of five constituent times, the sum of which gives the final result. T1: Time in which stimulation appears in a receptor. To a large extent it depends on attention processes, concentration and visual perception. T2: Time in which electric stimulation is transferred to the central nervous system. It depends on the conduction velocity of nerve fibres. T3: Time in which the stimulus is analysed and a performative signal is formed in the central nervous system. It depends on the degree of automation of movement and its plasticity. This constituent time is the longest and the most responsible for differences in the reaction time. T4: Time in which the stimulation is transferred to motor neurons. T5: Time in which a muscle is stimulated, leading to the start of a movement [1] . The final stage of human motor reactions is the motor time, which begins with the start of a movement and ends with the end of the movement.
Reaction times can be divided into:
• simple reaction time -a single motor response to an already-known, established stimulus; • discriminatory reaction time -a response to a single stimulus out of many provided stimuli; • choice reaction time -occurring when different stimuli correspond to different responses [2, 3] .
One of psychomotor abilities is spatial anticipation. It denotes predicting the time and the location of a movement or the time and the location at which an object is going to appear, such as a kick in combat sports or the trajectory of the ball in team sports. Some authors state that anticipation is a key psychomotor ability that determines a high quality of play [4, 5] . Research indicates that players of team sports [2, 4, 6] , including handball players [7, 8, 9, 10] , show high levels of reaction time and motor time.
In handball, the goalkeeper is an unusual position in that it requires very quick responses to the opponents' handling of the ball. In addition to technical and tactical preparation, the effectiveness of intervention relies on a short reaction time, motor time and the anticipation of the opponent's throwing behaviour [11, 12] . The location and the type of throw determines the speed at which the ball directed towards the goal will move [13, 14, 15, 16] and how much time the goalkeeper has to react. For throws from 9 m away from the goal, the time for reaction is long enough [16] to allow the goalkeeper to make the decision to intervene. Conversely, for throws from 6 or 4 m, there is little time [16] for the goalkeeper to react. This is when anticipation of the direction and height of the throw takes place, as confirmed by studies on the quality of interventions on the part of handball goalkeepers. Such studies indicate that interventions for 9-m throws are made in what is referred to as tempos after waiting, while a large portion of 6-m or closer throws (made after jumping into the goal area) are anticipated by the goalkeeper [17, 18, 19] .
Intervention on the part of a handball goalkeeper depends on many factors. These include technical and tactical training, motor preparation and adjustment to the location of the throw, the thrower's run-up, the defenders' actions, and the type of throw. All these factors constantly force the goalkeeper to gather information about the direction, height and technique of the intervention and to make a decision accordingly. The intervention should begin when the thrower is no longer able to change the direction of the throw [11] . By waiting for that moment, the goalkeeper reduces the time needed for the intervention, which forces the goalkeeper to perform the intervention very dynamically. This leads to the conclusion that a high level of psychomotor abilities, such as simple reaction time, choice reaction time, motor time and spatial anticipation, is a predictor of the quality of the goalkeeper's intervention.
The aim of this study was to assess selected psychomotor abilities (simple reaction time, choice reaction time, motor time and spatial anticipation) in handball goalkeepers with a high sports level.
material and methods
Study material comprised 12 goalkeepers who played in the PGNiG Superliga league in Poland. Four of the goalkeepers also played in the EHF Champions League. The goalkeepers' mean age was 28.67 ±5.68 years. The study was conducted during the competitive phase, in the afternoon, before training.
The tests were conducted for the dominant limb using Vienna Test System equipment. Simple reaction time was measured using the RT test, S1 form, and choice reaction time was measured using the RT test, S3 form. The variables registered in RT tests are mean reaction time, mean motor time, distribution of reaction time, and distribution of motor time. Additionally, decision time was determined based on the difference in mean reaction time, RT S3 test, and mean reaction time, RT S1 test. Spatial anticipation was determined using the ZBA test, S3 linear form. The ZBA test registers the following variables: median deviation time and median direction deviation. Additionally, median deviation time was analysed quantitatively according to an earlier and later reaction.
The obtained results were compared to the T-Score, a scale available in the Vienna Test System software. The T-Score is the result of a comparison between the obtained results and a normalisation sample according to the participants' age and sex. A T-Score between 40 and 60 is considered to be the norm. A T-Score above 60 indicates above-average abilities with respect to a given trait. The T-Score ranges from 0 to 80. The higher the T-Score, the better the result compared to the normalisation sample [20] .
The results were subjected to statistical analysis that established the basic statistical parameters, such as sum, mean value and percentages. The Student t-test for independent samples was used to compare the parameters in both groups.
results
Data analysis showed that handball goalkeepers performed very well in reaction time measurements. The data presented in Table 1 indicate that mean reaction time during the measurements amounted to 200.33 ms. This was a very good mean value, as indicated by the fact that it corresponded to the highest level of the T-Score, at its highest point. Mean motor time (78.33 ms) and reaction time These results correspond to a T-Score of 58.50, which was within the norm; however, the high standard deviation allows for the conclusion that some results were higher than the norm.
Analysis of spatial anticipation indicated that goalkeepers were better at predicting the place where an object was going to appear than the time at which it was going to appear. However, the corresponding T-scores showed that both variables were within the norm. Time anticipation was 0.78 s, and median direction deviation was 21.75 pixels.
Decision time among the study participants was 92.33 ms, and standard deviation from the mean was 26.28 ms. The data shown in Table 2 indicate that there were no statistically significant differences in simple reaction time, choice reaction time or spatial anticipation between the goalkeepers playing in the Champions League and the PGNiG Superliga. Table 2 shows a certain trend in the reaction time distribution for choice reaction time. Goalkeepers in the Champions League had a higher reaction time distribution (54.76 ms) than those in PGNiG Superliga (45.38 ms). Mean reaction time, both simple and choice, was better among the former than among the latter, although the difference was statistically insignificant. Both groups had the same level of mean motor time in simple reaction time.
Mean motor time in choice reaction time was better among goalkeepers from the EHF Champions League (69.25 ms) than among goalkeepers from the PGNiG Superliga (78.63 ms). Figure 1 indicates that 90.32% of PGNiG Superliga goalkeepers anticipated the appearance of an object earlier than in reality, compared to 61.29% of Champions League goalkeepers. The difference was statistically significant and amounted to t = 2.246, p < 0.05. Conversely, 9.68% of PGNiG Superliga goalkeepers anticipated the appearance of an object later than in reality, compared to 38.75% of Champions League goalkeepers. The difference was statistically significant and amounted to t = 2.3976, p < 0.05. little time to make a decision and begin an intervention. This may mean that only the goalkeepers who have good predispositions to simple reaction time are able to compete on a high sports level. The results of this study correlate with those obtained by other authors in that they indicate a good reaction time of the players [4, 8, 10] . Sports training also improves the parameters of reaction time and motor time [21] . Notably, the results pertaining to mean reaction time, mean motor time and reaction time distribution were similar; all these parameters displayed a high level, which demonstrates that the players were adjusted to or trained for achieving the repeatability of results.
Motor time distribution may indicate that the players were not adjusted to performing multiple, consecutive, very fast movements, which was part of the test. Interventions on the part of handball goalkeepers are interspaced by long periods of rest. This means that during the test, which involved short periods of rest, the goalkeepers were unable to repeat several tens of quick movements within a short time. Differences in reaction time may also be related to the goalkeeper's body height. A correlation was found between body height and reaction time, i.e. short players obtained lower reaction times than tall players [9] . This may result from a prolonged travel of a neural impulse within the nervous system due to elongated axons.
The obtained data concerning choice reaction time allow for the conclusion that this parameter showed a high, above-average level. Furthermore, the results obtained by the goalkeepers indicate a clear drop in the parameters compared to simple reaction time. The prolonged mean reaction time is, in fact, a normal occurrence related to the need to analyse a stimulus. Standard deviation of this parameter indicates that some goalkeepers analyse the situation quickly, while others do it more slowly, which may depend on psychological traits, the efficiency of the central nervous system and many other variables that affect reaction time. Thus, considerable differences between different study participants were revealed. Mean motor time is shorter compared to simple reaction time. This may result from the testing procedure, i.e. from the rest periods between movements. In the RT S3 test, the time between the stimuli that the participant has to react to is longer, which may indicate that handball goalkeepers need a longer time to concentrate and fully engage the processes related to focus and attention. Motor time distribution is close to the upper threshold of the norm (a T-Score of 58.50). Such a low level may have been caused by the players failing to hit the key on the keyboard during the test and opting out of the trial if they reacted late to the stimulus. This may also be considered a characteristic feature, as during a match, if the goalkeeper decides that he or she has no chance to cross the trajectory of the ball, he or she opts out of an intervention and accepts its futility.
The lack of statistically significant differences in the studied parameters between players of the EHF Champions League and the Polish PGNiG Superliga indicates that in addition to top-level psychomotor abilities, other variables are also important. These variables include technical and tactical skills, the defensive skills of the goalkeeper's team, physical preparation and volitional traits. In order to establish the differences between players in top-tier European cups and tournaments in Poland, the aforementioned parameters should be researched in detail.
The results pertaining to anticipation indicate that two of the studied parameters were within the norm, but close to its upper threshold. Anticipation is the subject of numerous scientific reports [10, 22, 23, 24, 25] . Research suggests [10] . This may stem from the nature of play as a goalkeeper. Goalkeepers are frequently forced to anticipate the target of a throw, especially for throws made from a short distance. Such a situation may, over many years of training, affect the development of object anticipation. Research on the quality of intervention also indicates that a high percentage of interventions are preceded by the anticipation of the opponent's actions [17, 18, 19] . The prevalence of premature reactions in the ZBA test may also indicate that goalkeepers rely to a significant extent on anticipating the actions of throwers. The differences in time anticipation between Champions League and the PGNiG Superliga goalkeepers suggest that top-level goalkeepers wait until the last second before interfering, which makes them more effective. Consequently, Champions League goalkeepers may wait before interfering and intervene a pace after waiting, which may translate into a higher effectiveness of intervention. By interfering earlier, PGNiG Superliga goalkeepers give the thrower an opportunity to change the target of the throw, which may translate into a lower effectiveness of intervention.
conclusions
1. Statistically significant differences were found between the earlier and later predictions of the appearance of an object in the ZBA test between the goalkeepers playing in the EHF Champion League and the Polish PGNIG Superliga.
2. The goalkeepers anticipated the place at which an object was going to appear than the time at which it was going to appear. 
